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@ Improvement In fuel cell electricity generation process. 

@ The present Inventton provides an improved fuel cell electricity generation process which Includes a 
desulfurizer. an adsorber s reformer, a shift converter, and a fuel cell wherein reformed gas from the 
refonmr Is treated using a non-porous gas separation membrane comprising a polymer In place of the 
converter at a ternperature of 50-15ac and a pressure of 2-10 kg/am to separata carbon monoxide 
contained in the reformed gas. 
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IMPROVEMENT IN FUEL CELL ELECTRICITY GENERATION PROCESS 



The present invention relates to a method of Improvement of fuel celi electricity generation process and to 
a method for separating cartx>n monoxide from reformed gas to be fed to fuel electrode of fuel cell. 

Fuel cell electricity generation process is one of future type energy conversion techniques which have many 
5 characteristics such as saving of energy and less environmental pollution. 

Fuel cell electricity generation process is roughly shown In Rg. 1. At present conversion gas reactbn (CO 
HzO » C02 -i- Ha) is used as process for converting reformed gas from reformer to fuel for fuel cell. Reformed 
gas is a mixed gas mainly composed of hydrogen and comprising He, CO and COa. As electrode of cell, noble 
metal catalyst such as platinum catalyst is used and thus it is poisoned with CO contained in the reformed gas. 
10 resulting in reduction of activity. Therefore, it is necessary to reduce concentration of CO to less than tolerance 
value in celt body (usually CO 1 vol%). 

In the converter, high-temperature shift reaction and low-temperatura shift reaction are carried out depend- 
ing on catalysts used. High-temperature shift reaction Is earned out at a temperature of 330^C or higher and a 
pressure of 1-35 atm and tow-tamp erature shift raactlon is carried out at a temperature of 190-370**C and a 
IS pressure of 1-30 atm. In order to reduce concentration of CO in the converted gas to 1 vol% or less, the two 
reactions of high-temperature shift reaction and tow-temperature shift reaction are necessary and so construc- 
tion and control of units are complicated and this is a defect In the process for fuel cell which requires change 
of conditions and due to abrupt change of load. 

As shown in the flow sheet of Flg.2, according to the present Invention, the defects brought about due to 
20 use of converter have been removed by using membrane separation process In place of converter as process 
for reduction of CO In refonned gas. Hydrogen gas which fias permeated through the separation membrane is 
fed to fuel electrode of fuel ceQ and gas which has not permeated tttrough separation membrane is utilized as 
heat source of reformer-^fumace and the like. Further, a part of the gas which has permeated through separation 
membrane is suited to use fordesulfurizlng reaction in desulfiirizer because of high hydrogen partial pressure. 
25 The present invention relates to a electrici^ generation process by fuel cell including a desuhiifizer, an 
adsort>er, a refoimer. a shift converter, and a fuel cell, characterized In that a norvporous polymer memtirane, 
Qmfemtfy a Ha-gas separation memtirane Is used in place of the converter and reformed gas Is treated under 
the conditions of a temperature of 50-150«C and a pressure of 2-10 leg/cm^ to separata carbon monoxide con- 
tained in the reformed gas. 
so FIg.1 is a rough flow sheet of oonvantkuial fuel cell elactriclty generation process. 

Fig.2 is a rough flow sheet of the fuel cell electricity generation process of the present invention. 
Fig.s 3Aand 3B are graphs which show relation between membrane separation performance and pressure. 
Fig3.4Aand 4B are graphs which show relation between membrane separation performance and tempera- 
ture. 

35 FIg.5 Is a graph which shows relation between temperature of desutfurfzer and sulfur content in the product 

when a gas containing carbon diosdde which permeated through separation membrane was used as hydrogen 
gas for desuHurization. 

Flow sheet of fuel celt electricity generation process to which (he present invention is applied ts shown in 
Fig.2. 

40 In Flg.2, 1 1ndicates a desulfurizer, 2 indicates an adsorber, 3 indicates a reformer provided with a furnace. 
6 Indicates a separation membrane, and 5 indicates a fuel call. 

As fuels for fuel ceO. methanol, natural gas, kerosene, naphtha, IPG, and the like are used, 
in ttie^esutfurger^keroserieXsutf u r o ont &nt 2S ppn^lysubj^aed to desulfurization using a desulfurization 
catalyst (commerdally avaSable one} at a reaction temperature of 400*C or lower and a pressure of 10 kg/cm^ 
45 or tower to reduce sulfur content to 1 ppm or k>wer. In the adsorber, sulfur is removed as hydrogen sulfide at 
a pressure of 10 kg/cm? or lower and a tenrH)eraturs of 400*0 or lower. 

In Ihe refonmer, hydrocartyms in raw material are converted to product gas mainly composed of hydrogen 
which comprises hydrogen, CO and COz accordingly to the fothiwing reaction formula. 

(^Hs '•^ 4H2O - 2C0 1> CO2 1- 8H2O 
60 Catalyst used Is a commardally avallabia ntekel catalyst supported on alumina. 

Ranges of composition of raw malarial applicabia to ttia rafoffnar ara specific gravis : 0.4-0.85 and conv 
ponents : Ci - C^ hydrocarbons. 

In the reformer, temperature is 700-850«C, pressure is 1 0 kg/cm^ or lower, H2O/C {moHar ratfc>) is 2 or more, 
and SV Is 0.S4.0 hr'^ 

65 Ranges of compositkin of product-gas in the reformer ara 65-80 vol% of Hi, 5-20 vol% f CO, and 5-25 

vol% of CQ2, and these vary d pending on operatkm-conditions. 
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The upper and lower limits of the above ranges determine by changing operatfon-condfttons of refomier. 
and operation at which composition of Hz Is dose to the upper limit is prafen-ed. 

One example of composition of product^s In reformer when kerosene, naphtha and LPG were used as 
raw material Is shown In Table 1. 



Table 1 



Gas 


Raw material kerosene 
( volt ) 


Raw material naphtha 
(vol%) 


Raw material LPG 
(vol%) 


"2 


72.0 


73.9 


74.2 


CO 


10.8 


10.0 


9.7 


CO2I 17.2- 


16.1 


16.1 



Example 

A pdyimide type hydrogen separation membrane was used as gas separation membrane for separafing 
carbon monoxide contained In refonnned gas, and a mixed gas composed of 69 vol % of H2. 20 vol% of CO, 10 
vol% of CQ2 and 1 voI% of CH4 was used as raw material composition. 

Experiments were conducted under separation conditions of separation membrane non-pemieatlon press- 
ure of 4 kg/cmve kg/cnr or 8 kg/cm , a separation membrane penneatbn pressure of 10-20 mmAq. and a 
separatkm membrane temperature of SCC, lOD'C or 150'C. 

Expermiental results on separation perfonnance of membrane are shown In Table 2 and change of sepa- 
ratton performance of membrane with time Is shown In Table 3. 
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Relation between hydrogen gas permeati n rate and pressure and retation between hydrogen concen- 
tratfon in permeated gas and pressure are shown in Figs. 3A and 3B respectively, and relation between hyd- 
rogen gas penneation rate and temperature and reiation between hydrogen concentration In permeated gas 
and temperature are shown in Rgs. 4A and 48 respecthrely. 

5 Operating temperature for memtxane separation is determined by maximum %vorking tamparalura (ISO^'C) 

and operating pressure is determined by maximum pressure of reformer (10 leg/cm^) in the preceding step, 
tinder the experimental conditions, substantially no penmeation of CO was recognized. It has been seen that 
under constant pressure of separation membrane, recoveiy of hydrogen increases with increase of tempera- 
ture, and under constant temperature of separation membrane, recovery of hydrogen increases with increase 

10 of pressure. 

From the above expertme ntal results, operating oondltions of separation menif>rane were suitably tempera- 
ture 50-1 50*0 and pressure 2-1 0 l<g/cm^. 

It has been seen that when hydrogen recovery fs set at 90 vol% or higher in view of thermal efficiency of 
the whole process and concentration of recovered hydrogen is set at 95% or higher In view of hydrogen partial 
f 5 pressure at hydro desulfurization, recovery of 91 J2% and hydrogen concentration of 95.5% are obtained under 
the conditions of, for example, temperature lOO^C and pressure 8 leg/cm^ and thus (he aims can be sufRdently 
achieved. 

Furthermore, since gas which has permeated through separation membrane Is a mixed gas mainly com- 
posed of hydrogen which contains 10 mol% or less of carbon dioxide, the reformed gas can be desulfurized to 
20 1 ppm or less of sulfur content by using a part of the permeated gas as hydrogen gas for desulfurization shown 
inFig.5. 

According to the present invention, by replacing shift converter in fuel cell electricity generation process 
by membrane separation method, catalyst used in shSt converter Is not needed, thus control of temperature 
and pressure In shift converter and replacement of catalysi are also not required. Furthermore, in view of the 
25 facts that two kinds of catalysts for high temperahire and low temperature are used In conventional converter 
and two leactora are required and moreover, reduction step is necessary for pretreatment of catalyst, merit of 
using mentbrane separation method is great 

Further, according to membrane separab'on method, hydrogen of high purity can be obtained only by control 
of pressure, and thus operation is simple. 
30 Since the gas which has permeated through membrane is mainly composed of hydrogen and contains 10 
moI% or less of cart>on dioxide, a part of the gas can be used as hydrogen gas for desutfurfzation and desul- 
furization rate can be improved. 

Further, gas which has not permeated through membrane can be utilized as fuel for reformer-liimace. 



35 

Claims 



1. An improved fijet cell electricity generation process which Includes a desulfurizer, an adsorber, a reformer, 
a shift converter, and a fuel cell wherein reformed gas from the reformer is treated using a non-porous gas 

40 separation membrane comprising a polymer In place of Ihe shift converter at a temperature of 50- #50*C 

and under a pressure of 2-10 kg/cm^ to separate carbon monoxide contained in the refbnned gas. 

2. A method according to datm 1, wherein methanol, natural gas, kerosene, naphtha or IPG Is used as a 
fuel for the fuel cell electricity gerteratlon process. < ■ ' 

45 

3. A method according to daim 1. wherein a row material fuel is desulfurized in the desutfurizer using a desul- 
furizing catalyst at 400*C or lower, a pressure of 10 kg/cm^ or lower to reduce sulfur content to 1 ppm or 
lower. 



60 4. A method according to daim 1, wherein the adsorber the gas from the desulfUrizer Is treated at a tem- 
peratitfe of 400*C or lower and a pressure of 10 kg/cmi^ or lower. 

i 

5. A method according to claim 1 . wherein the raw material whteh is fiad to the refonmer has a specific gravity 
of 0.4-0.85 and comprises C1-C20 hydrocarbons. 



65 



6. A method according to daim 1 . wherein oondltions in the refonner are a temperature f 700-850^C, a press- 
ure fat most 10 kg/cm^, a molar rati HaO/CofatI ast2. andan SVof 0.5-4,0pr-i. 
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A method acooitling to claim 6, wherein gas produced In the reformer comprises 65-80 vol% f H2» 5-20 
vol% of CO. and 5-25 vot% of CO2. 

A method according to dalm 1, wherein the gas separation membrane comprises a polyimide. 
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FIG. I 
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FIG. 5 
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